The hypoglycemic potential of circulating IGFs is thought to be regulated through the formation of ternary complexes consisting of an IGF, either IGF binding protein-3 (IGFBP-3) or IGFBP-5, and the acid-labile subunit. These high molecular weight complexes are confined to the circulation and represent a reservoir of IGF with a prolonged half-life. In this study, we show that hypoglycemia, induced by a bolus injection of recombinant human IGF-I into rats, can be blocked by coadministering equimolar concentrations of either recombinant glycosylated IGFBP-3 or nonglycosylated IGFBP-3 (IGFBP-3NG). In contrast, an IGFBP-3 mutant with reduced acidlabile subunit affinity (IGFBP-3MUT) only partially blocked the IGF-I hypoglycemic effect. IGFBP-3 and IGFBP-3NG significantly enhanced IGF-I retention in the circulation, whereas IGFBP-3MUT had a smaller effect. IGFBP-3MUT clearance was more rapid than that of the other IGFBP-3 forms, and the retention of all IGFBP-3 forms was greatly enhanced by coadministration of IGF-I. Characterization of the molecular mass distribution of the IGFBP-3 analogs indicated that 60% of IGFBP-3 and IGFBP-3NG was initially found in ternary complexes compared with 30% of IGFBP-3MUT. These data confirm the hypothesis that regulation of IGF-I bioactivity in vivo by IGFBP-3 depends on its ability to form ternary complexes.
I
GF-I AND IGF-II are potent mitogens that circulate bound to one of the members of a family of high-affinity binding proteins, the IGF-binding proteins (IGFBPs). However, only a relatively small proportion of the IGFs is found in these binary complexes (1) . The majority of the IGFs are sequestered into 150-kDa ternary complexes with IGFBP-3 and the liver-derived glycoprotein, the acid-labile subunit (ALS) (2) . Recently, it was discovered that IGFBP-5 is also capable of forming similar ternary complexes with IGF and ALS (3) . It is thought that the molecular size of the ternary complexes precludes the complexes, and hence IGFs, from leaving the vasculature. This results in suppression of insulin-like activity and thus the hypoglycemic potential of the IGFs. Previous in vivo studies in rats have shown that although endogenous ALS circulates in excess of the other components of the ternary complex, it is the determining factor of the stability of the ternary complex due to its slow clearance rate (4) .
We have previously shown that the major ALS-binding site on IGFBP-3 resides within a carboxyl-terminal region rich in basic amino acid residues. By in vitro assays we have determined that the recombinant mutant, IGFBP-3MUT, which has the K 228 GRKR3 MDGEA mutation, binds IGF-I without a significant loss of affinity, but has 10-fold reduced affinity for ALS (5) . Although a third of the molecular mass of IGFBP-3 is contributed by carbohydrate moieties, we have shown by in vitro assays that the carbohydrates are not essential components of the ALS-binding site on IGFBP-3 (6) . However, there is a 2-to 3-fold increase in cell binding by recombinant nonglycosylated IGFBP-3 (IGFBP-3NG) compared with that by the glycosylated form (7) . Therefore, the extent of glycosylation on IGFBP-3 may influence the distribution of IGFBP-3 between the ternary complexes in circulation and the cell surfaces. However, IGFBP-3MUT, which has reduced affinity for ALS, is unable to bind to cell surfaces, thus implicating the same carboxyl-terminal basic motif in the IGFBP-3 cell-binding function (5) .
The aim of this study was to compare the relative abilities of IGFBP-3, IGFBP-3MUT, and IGFBP-3NG to form ternary complexes and to prevent hypoglycemia induced by coadministering IGF-I in vivo. The disappearance profiles of IGFBP-3 and its analogs when administered with and without IGF-I to rats are also examined.
Binding assays
The affinity of IGF-I and ALS binding to the recombinant IGFBP-3/ IGF-I binary complexes was measured essentially as described previously (10) . Scatchard analysis was performed as described previously (10) .
In vivo experiments
These experiments were carried out with the approval of the animal care and ethics committee, Royal North Shore Hospital. Cannulas were inserted into the jugular veins of 6-wk-old male Wistar rats 48 h before experiments. The in-dwelling cannulas were filled with 10 U/ml heparin-saline to maintain patency. After an overnight fast, two baseline blood samples (200 l) were drawn before an iv bolus of approximately 13 nmol/kg IGF-I, IGFBP-3, or their combination (Table 1) was administered through the indwelling cannula into the conscious animals. The peptides were preincubated in 0.15 m NaCl at 22 C for 2 h before injection. Blood samples of 200 l were drawn at 2, 5, 10, 20, 30, 45, 60, 90, and 120 min after injection and collected in tubes containing 2 l 500 U/ml heparin. The plasma was separated immediately and stored at Ϫ20 C for later assays. The blood cells were resuspended in 0.15 m NaCl and reinfused after the next blood sampling.
Assays
Glucose levels were determined by an Advantage blood glucose monitor (Roche, Castle Hill, Australia). Human IGFBP-3 was measured by a human-specific IGFBP-3 RIA, as described previously (8) . Human IGF-I was measured using acid-ethanol-extracted plasma in an IGF-I RIA using a human-specific monoclonal antibody (11) , except that 125 Ilabeled des(1-3)-IGF-I was used instead of 125 I-labeled IGF-I.
Superose chromatography
The molecular mass distribution of human IGFBP-3 in 25 l rat plasma was determined by size fractionation on a Superose-12 column (Amersham Pharmacia Biotech, Uppsala, Sweden) in 50 mm sodium phosphate, 0.15 m NaCl, and 0.02% sodium azide (pH 6.5). The flow rate was 30 ml/h, and 0.5-ml fractions were collected. Aliquots of 100 l from fractions 20 -31 from each run were assayed in duplicate for human IGFBP-3.
Data analysis
Comparisons among treatment groups were analyzed by ANOVA, using repeated measures where appropriate, with post hoc testing by Fisher's protected least significant difference test (StatView 5.0, Abacus Concepts, Inc., Berkeley, CA). A significant difference was defined as P Ͻ 0.05. The IGF-I and IGFBP-3 clearance data from the in vivo experiments were analyzed by two methods. First, to compare profiles in a model-independent way, the area under IGF-I and IGFBP-3 concentration-time curves was determined for each animal and analyzed by ANOVA, followed by Fisher's protected least significant difference test. Second, data were fitted to a triexponential equation using Scientist software version 3.0 (Micromath Scientific Software, Salt Lake City, UT). The area under the concentration-time curve (AUC), clearance, and the volume of distribution at steady state were estimated for IGF-I and IGFBP-3 after different treatments using the coefficients (A i ) and exponents of the triexponential model (12) . The distribution half-lives (t 1/2,␣1 , t 1/2,␣2 , and t 1/2,␣3 ) were calculated from the triexponential model exponents (␣ 1 , ␣ 2 , and ␣ 3 ) using the general equation ln2/␣ i .
Results
Using recombinant IGFBP-3 and IGFBP-3MUT expressed in Chinese hamster ovary cells, we have previously shown that IGFBP-3MUT has slightly, although not significantly, reduced affinity for IGF-I compared with IGFBP-3 (5). The affinity of IGFBP-3NG for IGF-I, however, was only assessed by ligand blot analysis (6) . To obtain the relative affinities of adenoviral-expressed IGFBP-3 and its analogs for IGF-I, we measured the displacement of [
125 I]IGF-I from binary complexes formed in the presence of each IGFBP-3, by increasing amounts of unlabeled IGF-I in a solution binding assay (Fig.  1A) . Data from these displacement curves were analyzed by Scatchard plots (data not shown), and the derived association The effect of administering an iv bolus of 100 g/kg human IGF-I, with or without various human IGFBP-3 analogs, or various IGFBP-3 analogs alone on fasting plasma glucose levels are shown in Fig. 2 . The mean fed and fasted glucose levels were 7.8 Ϯ 0.1 and 4.8 Ϯ 0.1 mmol/liter, respectively. The administration of IGF-I alone to fasted rats caused a 48% decrease in plasma glucose levels within 10 min ( Fig. 2A) . In contrast, when coadministered with IGF-I, IGFBP-3 or IGFBP-3NG fully blocked the hypoglycemic effect of IGF-I. Coadministration of IGF-I and the IGFBP-3 analog with reduced ALS binding ability, IGFBP-3MUT, only partially pre- vented the fall in plasma glucose levels (ϳ13% at 10 min).
Although there was a clear trend toward alleviating the hypoglycemia, the effect of coinjecting IGF-I and IGFBP-3MUT on the plasma glucose level was not significantly different from that of administering IGF-I alone when analyzed by repeated measures ANOVA (P ϭ 0.14), possibly due to the small sample size. In contrast, coinjecting IGF-I with either IGFBP-3 or IGFBP-3NG was significantly different from that of administering IGF-I alone (P Յ 0.02). The coinjection of IGF-I with either IGFBP-3 or IGFBP-3NG not only reversed the hypoglycemic effect, but it appeared to increase the plasma glucose levels above baseline in the early time points (Fig. 2A) . The same phenomenon was observed when the IGFBP-3 analogs were injected alone ( Fig.  2B) , where plasma glucose levels were increased by approximately 5-16% of baseline values at 10 -20 min postadministration. However, the effect of IGF-I coinfusion on the IGFBP-3-induced increase in blood glucose levels was not significant for either IGFBP-3 (P Ͼ 0.05) or IGFBP-3NG (P Ͼ 0.5). In contrast, there was a significant effect on blood glucose levels when IGF-I was coinjected with IGFBP-3MUT compared with IGFBP-3MUT alone (P Ͻ 0.05). Figure 3 shows the disappearance of an iv bolus of human IGF-I from the rat circulation when administered alone or in conjunction with various human IGFBP-3 analogs. Only human IGF-I was detected in the species-specific assay used. At the dilutions assayed in this study, the limit of detection in the IGF-I RIA was 35 ng/ml. IGF-I disappearance curves were initially examined in a model-independent manner by calculating the AUC for each animal over the experimental period from 0 -120 min. When compared by one-factor ANOVA, the mean AUC (Ϯsd) for IGF-I administered with IGFBP-3MUT (12.7 Ϯ 2.8 g/ml⅐min) was not different from that of IGF-I administered alone (8.2 Ϯ 4.6 g/ml⅐min; P ϭ 0.55), whereas the mean AUC estimates for IGF-I administered with IGFBP-3 (25.4 Ϯ 7.1 g/ml⅐min; P ϭ 0.042) or IGFBP-3NG (36.1 Ϯ 18.7 g/ml⅐min; P ϭ 0.002) were significantly higher, but not significantly different from each other. Similarly, the mean IGF-I clearance for IGF-I administered with IGFBP-3MUT (1.18 Ϯ 0.27 ml/min) was not different from that of IGF-I administered alone (1.53 Ϯ 1.03 ml/min; P ϭ 0.35), whereas the estimated clearance rates for IGF-I administered with IGFBP-3 (0.69 Ϯ 0.41 ml/min; P ϭ 0.047) or IGFBP-3NG (0.37 Ϯ 0.22 ml/min; P ϭ 0.007) were significantly lower, although not significantly different from each other. That is, IGFBP-3MUT did not significantly retard overall IGF-I disappearance by this analysis, whereas the other two IGFBP-3 forms did.
The mean IGF-I data could be adequately fitted by a triexponential model, as shown by the lines in Fig. 3 . Kinetic parameters estimated from this model are shown in Table 2 . These data suggest that IGF-I clearance is retarded by complexing with all IGFBP-3 forms, with IGFBP-3NG having a greater effect than IGFBP-3, and IGFBP-3MUT having a smaller effect. The estimates of volume of distribution are likely to reflect the molecular sizes of the different complexes, with IGFBP-3 forming complexes similar to IGFBP-3NG, and the higher value for IGFBP-3MUT reflecting its lower propensity to form ternary complexes. For IGF-I alone, the distribution half-lives of the first and second components were similar, suggesting that they may represent the same compartment; in the presence of all IGFBP-3 forms, three components were evident, with average half-lives of approximately 1.5, 15, and 90 min. Figure 4 compares the disappearance of each IGFBP-3 analog from the rat circulation when administered alone or in association with IGF-I. When examined in a model-independent manner, by calculating the AUC for each animal over 0 -120 min and analyzing the data by two-factor ANOVA, it was evident that for each protein, coadministration with IGF-I greatly increased its retention (P Ͻ 0.0001). The mean AUC was significantly lower for IGFBP-3MUT than for the other IGFBP-3 forms (P Ͻ 0.001) and was slightly higher for IGFBP-3NG than for IGFBP-3 (P ϭ 0.033). Similar differences were seen when the mean IGFBP-3 clearance over 0 -120 min was analyzed by this method, except that no difference between IGFBP-3 and IGFBP-3NG was evident (P ϭ 0.90; data not shown).
The mean IGFBP-3 data could be adequately fitted by a triexponential model, as shown by the lines in Fig. 4 . Kinetic parameters estimated from this model are shown in Table 3 . These data confirm that the clearance of all IGFBP-3 forms is retarded by complexing with IGF-I. For each of the complexes with IGF-I, the volume of distribution of the IGFBP-3 analog was smaller than that when administered alone, reflecting the more ready ternary complex formation by these preformed binary complexes. The distribution half-lives derived from the three-component model showed a surprisingly rapid component for each IGFBP-3 analog (t 1/2 , ϳ1-3 min), similar to the rapid phase of IGF-I disappearance, a middle component with a mean t 1/2 of approximately 15-30 min, and a slow phase with a shorter half-life for IGFBP-3MUT than the other analogs.
Size fraction chromatography was used to determine the molecular mass distribution of the various IGFBP-3 analogs in the rat circulation. The results shown in Fig. 5 represent the mean of the pooled results for all animals in each group, with the error bars omitted for clarity. Two peaks of immunoreactivity were observed corresponding to ternary complexes (around fraction 24) and free or binary complexes (around fraction 28). Due to the lack of baseline separation between the two peaks, fraction 26 was distributed equally between the binary and ternary complexes. Two minutes after administration, approximately 60% of IGFBP-3 and IGFBP-3NG coinjected with or without IGF-I were found in the high mol wt complex (Fig. 5, A and B , and E and F). In contrast, only 30% of IGFBP-3MUT was present in this complex formed at 2 min (Fig. 5, C and D) . It is also notable that whereas ternary complexes were retained in the serum over time for IGFBP-3 and IGFBP-3NG, they disappeared rapidly for IGFBP-3MUT, suggesting more rapid dissociation. At 2 min after administration, approximately 2-fold more IGFBP-3 and IGFBP-3NG were detectable, when coinjected with IGF-I compared with when injected alone, in both the high and low mol wt complex forms. In contrast, there was only approximately 1.2-fold more IGFBP-3MUT in the high and low mol wt complex forms when it was coadministered with IGF-I than when it was given without IGF-I. The clearance of the two separate components of the complexes was estimated by calculating the areas under the two peaks of the chromatographic profiles of each time point for every animal. The time course of disappearance of each peak for each IGFBP-3 analog administered with and without Table 2 . Fig. 6 . A combined repeated measures ANOVA was performed on the clearance curves of either binary or ternary complexes for all three analogs, injected with or without IGF-I. For each analog, the clearance of IGFBP-3 found in the lower molecular weight, binary complexes was similar regardless of whether the IGFBP-3 was coadministered with or without IGF-I (P Ͼ 0.05). Similarly, the clearance of IGFBP-3MUT found in the high molecular weight, ternary complexes was not significantly different when IGFBP-3MUT was coadministered with or without IGF-I (P ϭ 0.69; Fig. 6B ). In contrast, the disappearance of either IGFBP-3 (Fig. 6A) or IGFBP-3NG (Fig. 6C) found in the high molecular weight, ternary complexes was significantly different when IGFBP-3 was coadministered with IGF-I compared with when the IGFBP-3 was administered alone (P Ͻ 0.05).
IGF-I is shown in

Discussion
The insulin-like activity of IGFs has been estimated to be 5-10% that of insulin (13, 14) . Based on the high circulating IGF concentration, the insulin-like potential of IGFs far exceeds that of insulin itself and yet it does not cause hypoglycemia. At least 80% of the IGFs are sequestered into 150-kDa complexes with either IGFBP-3 or IGFBP-5 and ALS, with most of the remainder bound in binary complexes with one of the six IGFBPs. The sequestration of IGFs into the high mol wt ternary complexes prolongs their half-lives in the circulation, thus providing a ready reservoir of potentially bioavailable IGFs. The availability of the circulating IGFs to target tissues depends on the release of the IGFs from the ternary complexes and ultimately from the binary complexes. In humans, it is estimated that less than 1% of IGFs are found in the free, unbound form in the circulation (1), although higher levels have been reported in rats (15) .
In previous published studies the amount of IGF-I required, as an iv bolus injection, to induce hypoglycemia ranged from approximately 765 g/kg BW of the rat (ϳ100 nmol/kg) (16) to approximately 100 g/kg (17) . In this study the administration of 100 g/kg IGF-I to rats caused hypoglycemia, which could be blocked by coadministering Parameter estimates have been derived from mean concentration-time data using a triexponential model, as shown in Fig. 3 Table 3 . Parameter estimates have been derived from mean concentration-time data using a triexponential model, as shown in Fig. 4 equimolar concentrations of either IGFBP-3 or IGFBP-3NG. The equal potency of the glycosylated and nonglycosylated IGFBP-3 is supported by previous in vitro data that showed that the carbohydrate moieties on IGFBP-3 have little impact on ternary complex formation (6) , in contrast to the carbohydrate moieties on ALS, which play an essential role in this process (18) .
Distribution of IGFBP-3 among the different complex forms was estimated by gel permeation chromatography. Due to the lack of baseline separation between the binary and ternary complex peaks, there may be a degree of imprecision in the estimates of IGFBP-3 distribution. However, consistent with a previous study (4) , approximately two thirds of IGFBP-3 and IGFBP-3NG were found in ternary complexes within 2 min of administration regardless of whether it was injected with or without IGF-I, suggesting that it is the rapid formation of the ternary complexes that is blocking the hypoglycemic effect of IGF-I. In contrast, only one third of IGFBP-3MUT, which has reduced affinity for ALS and hence reduced ternary complex formation ability, was found in ternary complexes at 2 min, and this form disappeared rapidly, suggesting rapid dissociation. IGFBP-3MUT was unable to fully block the IGF-I hypoglycemic effect, demonstrating for the first time in vivo the importance of the carboxylterminal basic residues (K 228 GRKR) of IGFBP-3 in its ability to form ternary complexes and consequently its ability to counteract the insulin-like activity of IGFs. This clearly illustrates the role of ALS in interacting with IGFBP-3 as a key glucoregulatory influence.
When administered alone, at least 50% of the IGF-I was cleared from the circulation within 5 min. This suggests that there is little free endogenous rat IGFBP-3 or IGFBP-5 to retain the IGF-I in the circulation as part of ternary complexes. The most rapid component derived from triexponential analysis of the IGF-I time-course data (t 1/2 , ϳ1.5 min) may represent uncomplexed IGF-I and is comparable to the first phase (t 1/2 , 2 min) determined from a similar triexponential analysis of 125 I-labeled IGF-I clearance in rats (19) . Determined by model-independent AUC analysis, the retention of IGF-I over the 120-min period, when injected as a complex with IGFBP-3MUT, was not significantly different from that seen when IGF-I was injected alone, although the three-phase exponential analysis indicated a component of intermediate half-life (t 1/2 , ϳ15 min) that was absent when IGF-I was administered alone. This may represent the binary complex between IGF-I and IGFBP-3MUT, as a component of similar half-life also contributed to the IGFBP-3 and IGFBP-3NG curves, and an IGF half-life of 20 -30 min has previously been estimated in the absence of ALS (i.e. in hypophysectomized rats) (20) . However, the estimate of this middle component half-life is considerably lower than the value of 72 min derived from analysis of 125 I-labeled IGF-I clearance (19) .
The slowest phase of IGF-I disappearance (t 1/2 , ϳ90 min) might be related to IGF-I in ternary complexes, although earlier studies suggested a longer half-life for this form (4, 20) . The half-life of ALS administered to rats has been estimated to be approximately 120 min (4) , and this may be a major determinant of the ternary complex half-life. A recent triexponential analysis of 125 I-labeled IGF-I disappearance estimated the half-life of the third component as approximately 6 h; the higher value possibly is the result of the much longer sampling period used in that study (19) . Whatever the true value, it is evident that ternary complexes make a relatively minor contribution to the disappearance of IGF-I administered with IGFBP-3MUT, because its clearance over 120 min appeared similar to that of IGF-I alone, consistent with a reduced ability to bind ALS.
Similar to the clearance of IGF-I, the mean concentration curves for each of the IGFBP-3 analogs could also be fitted to a triexponential model. The slowest component (average t 1/2 , ϳ150 min) may predominantly reflect ternary complexes, rate-limited by ALS as discussed previously, and the intermediate component (average t 1/2 , ϳ20 min) may reflect binary complexes. Interestingly, these three-phase analyses yielded a rapid component for each IGFBP-3 analog, with a half-life of 1-2 min. If this represents the initial phase of uncomplexed IGFBP-3 clearance, it may be more rapid than previously estimated. The coadministration of IGF-I with each of the analogs significantly retarded its clearance compared with that when the protein was administered alone, and there was relatively less IGFBP-3MUT retained in the circulation than either IGFBP-3 or IGFBP-3NG regardless of whether IGF-I was coadministered, again reflecting the importance of ALS binding in retaining both IGFs and IGFBP-3 in the circulation.
The rise in plasma glucose levels when IGFBP-3 was administered without IGF-I suggests that there could be free IGF-I available in the circulation, the temporary depletion of which causes transient hyperglycemia. A similar observation was made when IGFBP-1 was administered as an iv bolus in the rat (17) , where plasma glucose levels increased transiently by approximately 10% of baseline values. Frystyk et al. (15) detected approximately 30 ng/ml free IGF-I (ϳ3% of total IGF-I) in rats fasted for 1 d. It would appear that this free IGF-I has a tonic insulin-like effect in regulating circulating glucose levels. A similar rise in plasma glucose was seen when IGFBP-3 was coadministered with IGF-I. This is hard to explain if the IGFBP-3 was fully occupied by exogenous IGF-I and unable to bind endogenous free IGF-I. The possibility therefore cannot be excluded that IGFBP-3 exerts this effect by an alternative mechanism, possibly eliciting a rapid stress or counterregulatory response that transiently elevates blood glucose. This transient hyperglycemia was not seen when IGFBP-1 was coadministered with IGF-I (17). In fact, the hypoglycemic effect of IGF-I was not fully reversed by IGFBP-1, where the glucose levels remained approximately 10% below baseline levels.
Interestingly, statistical analysis of the model-independent IGFBP-3 AUC estimates for individual animals showed that IGFBP-3NG was retained in the circulation to a significantly greater extent than IGFBP-3, although this effect was not significant by other analyses. This is consistent with the trend, seen in the IGF-I disappearance curves, for IGF-I administered with IGFBP-3NG to have the most prolonged serum retention and suggests a possible role for carbohydrate on IGFBP-3 in regulating its retention in the circulation. Carbohydrate moieties are known to serve as clearance markers that determine the lifetime of glycoproteins in circulation (21, 22) and may also have this function in IGFBP-3.
Although the binding of IGFBP-3 to cell surfaces has been described for several different cell systems (23, 24) , the putative IGFBP-3 binding molecules identified are yet to be characterized (25, 26) . We have previously shown that there is approximately 2-to 3-fold increased cell binding by IGFBP-3NG compared with its glycosylated form, IGFBP-3 (6, 7), and that the same basic amino acids in the carboxyl-terminus of IGFBP-3 are responsible for both cell and ALS binding (5) . This suggests that the competition between the putative IGFBP-3 binding molecules on the cell surface and ALS for the same domain on IGFBP-3 could lead to dissociation of the ternary complex. However, it may well be that the increased binding of IGFBP-3NG to cells would retain more of this protein in the vascular compartment than IGFBP-3, thus allowing reassociation to occur. To this end, it has been shown that IGF-I can displace IGFBP-3 from cell surfaces (23) , thus allowing the reformation of binary complexes and, subsequently, ternary complexes resulting in the prolonged retention of IGFBP-3NG in the circulation.
In conclusion, we have shown that IGFBP-3MUT injected iv in conscious rats formed ternary complexes poorly, was rapidly cleared from the circulation, and was significantly less effective than normal IGFBP-3 in preventing IGF-Iinduced hypoglycemia. In contrast, IGFBP-3NG formed ternary complexes as efficiently as glycosylated IGFBP-3, was retained normally or longer in the circulation, and was as effective as IGFBP-3 in blocking IGF-I activity. These data 1) demonstrate that IGFBP-3 glycosylation does not affect its glucoregulatory function, and 2) confirm the in vitro observation that the basic carboxyl-terminal domain of IGFBP-3 determines its ability to complex with ALS. Finally, the data show for the first time in vivo that the regulation of IGF-I activity by IGFBP-3 is dependent on its ability to form ternary complexes.
